Herein, we report the construction of a dynamic, highly sensitive, stable, reliable, and reproducible selective ethanol sensor based on a ternary metal oxide system of CdO/ZnO/Yb 2 O 3 nanosheets (NSs). The NSs were synthesized by a hydrothermal process in alkaline phases. The morphological and structural characterization of the synthesized NSs were approved using various advantageous and well-established conventional methods such as Fourier-transform infrared spectroscopy (FTIR), ultraviolet visible spectroscopy (UV/vis), field emission scanning electron microscopy (FESEM), X-ray photoelectron spectroscopy (XPS), energy-dispersive X-ray spectroscopy (EDS), and powder X-ray diffraction (XRD). A thin layer of CdO/ZnO/Yb 2 O 3 NSs was deposited onto a glassy carbon electrode (GCE) with conducting binder to produce a working electrode. A calibration plot was obtained and was found to be linear over the ethanol concentration range (linear dynamic range, LDR) from 0.35 nM to 3.5 mM with the detection limit (LoD) of 0.127 AE 0.006 nM and the quantification limit (LoQ) of 0.423 AE 0.02 (signal-to-noise ratio, at the S/N of 3), and the system exhibited a sensitivity of 7.4367 mA mM À1 cm À2
Introduction
Recent developments in advanced nanotechnology and in innovative chemi-sensors, nanomaterials, and nanodevices have been regulating a key task in the fabrication and improvement of very precise, perceptive, accurate, sensitive, and consistently efficient chemical sensors. The exploration for even small electrodes accomplished in nano-level imaging and in controlling doped nanomaterials, doping agents (hostguest), biological, chemical, pathological samples, and chemical sensors has extended scientists awareness for control monitoring, especially in the elds of environmental safety and health monitoring. Recently, signicant attention has been focused on the detection of toxic chemicals in regard to human health and to the ecological system to prevent and reduce the harmful effects of toxic chemicals.
1 Ethanol is extensively used as a solvent in the biomedical, chemical, food, and alcoholic beverages industries, 2 but it is also a hypnotic (sleep producer) chemical, slightly toxic in nature, inammable, and colorless. The exposure of ethanol may cause some health problems such as headache, drowsiness, irritation of eyes, and difficulty in breathing. 3 Heavy exposure or consumption of ethanol, particularly by smokers, increases the risk of cancer in the upper respiratory and digestive paths, as well as causing liver damage, and among women, there is a possibility of breast cancer. Workers in the ethanol industry have an increased risk of suffering from respiratory and digestive track cancer. Consumption of ethanol in the form of alcohol has many issues such as drunk driving that can cause traffic accidents and is a serious problem in society. Therefore, an ethanol sensor would also be very important for public transportation systems. 4 Consequently, it is a great ultimatum and emergent challenge for detecting ethanol even at the very trace level. 5 A variety of analytical techniques, such as hydrometric, gas/liquid chromatography, refractometry, and infrared spectroscopy, have been utilized for ethanol detection. 6 Nowadays, the electrochemical technique is considered the major detection method for hazardous toxics as it has many great advantages, such as high selectivity, a wide linear range, economical sustainability, rapid responses, portability, and a simple operating procedure. 7 However, this technique has a number of difficulties and issues, such as a need to improve the electron transfer rate between the surface of the working electrode of the sensors and the analytes. Therefore, depending on the electrochemical and current-voltage (I-V) characteristics, directly grown nanostructures comprising transition metal oxides on the expected electrode should be favorable for the reliable and effective identication of toxic chemicals and biochemical species. 8 To progress the functionalities and sensitivities of the sensors, presently electron mediators are utilized that help fast electron transfer between the surface of the anticipating electrode and the analytes. 9 Doped nanostructure materials of transition metal oxides and semiconductors have attracted much interest owing to their technological applications and exciting optical and structural properties. The distinctive physical and chemical properties of nanomaterials due to their surface as well as size/shape effects means that doped materials have been explored in much research, in terms of both scientic importance and industrial applications. Therefore, semiconductor metal oxides-based sensors have attracted distinctive attention due to their diversied applications in environmental monitoring, chemical process control, personal safety, health care, defense, security, and so on. 10, 11 Sensors based on semiconductor nanostructured metal oxides have great benets because of their small dimensions, low cost, low power consumption, simple processing, and good stability. 
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For the purpose of environmental investigations and for application in chemical processes, many attempts have been prepared to introduce easy, simple, economical, consistent, and reliable sensors. Chemical sensors based on doped semiconductor metal oxides have many potential benets over conventional methods, such as high response, low charge, and portability, and hence have been extensively employed for the detection of contaminated or toxic pollutants, chemical process control, and in the monitoring of air/water contamination in the environment. Ethanol is considered hazardous under medium or heavy exposure and is usually considered a serious health and environmental problem. Therefore, detection using a consistent technique with CdO/ZnO/Yb 2 O 3 NSs using a GCE electrode would be desirable. The exploration of ethanol by CdO/ZnO/Yb 2 O 3 NSs deposited as thin lms onto GCE with a conducting binder was performed herein and then studied in detail in terms of seeking an improvement in selective and sensitive chemical sensing for environmental applications. In the methodology outlined herein, CdO/ZnO/Yb 2 O 3 NSs lms with conducting binders were exploited toward assessing target hazardous analytes using a trustworthy I-V method. It was established that the fabricated ethanol sensor was exceptional for ultra-sensitive recognition with active CdO/ZnO/Yb 2 O 3 NSs onto GCE in a short response time.
Experimental

Materials and methods
The analytical grade chemical reagents, such as ammonium hydroxide, Naon (5% ethanoic solution), 2-nitrophenol, 3-methoxyphenol, 4-aminophenol, 4-methoxyphenol, bisphenol A, ethanol, hydrazine, methanol, 1,2-dichlorobenzene, p-nitrophenol, monosodium phosphate, and disodium phosphate, were procured from Sigma-Aldrich, and used without any additional purication. Modern 4 OH, and aer that, the whole solution was placed in an oven at 150.0 C with a continuous magnetic stirring system. Finally, the produced NSs were placed in the muffle furnace for calcination at 500 C for around 6 h.
Then, the calcined sample was characterized using FTIR, UV, XRD, XPS, and FESEM. 
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The formation mechanism of the CdO/ZnO/Yb 2 O 3 NSs are presented in Scheme 1. To the best of our knowledge, this is the rst time that the produced calcined CdO/ZnO/Yb 2 O 3 NSs have been applied to the selective detection of ethanol and consequently, there are no other reports available on this point. The ratio of the current versus concentration (the slope of the calibration curve) was used to calculate the working electrode sensitivity. Detection limit was evaluated from the ratio of 3N/S (ratio of noise Â 3 vs. sensitivity) from the linear dynamic range of the calibration curve. The utilized electrometer for the current vs. potential (I-V) measurements was a simple two-electrode system. The amount of 0.1 M PBS solution was kept constant in the beaker as 10.0 mL throughout the chemical investigation.
Results and discussions
Optical and structural analyses
The optical property of CdO/ZnO/Yb 2 O 3 NSs is one of the most important characteristics to the assessment of its photocatalytic activity. Based on the visible light principle (UV-vis) theory, the outer electron of the atom absorbs radiant energy at a desired wavelength and it is then transited from a lower to a higher energy level to result in a UV-vis spectrum, which is illustrated in Fig. 1a . UV-vis spectroscopy is performed in the range of 400 nm to 800 nm at room temperature. The observed spectrum shows an intense, identical and wide spectrum at 307 nm, which is represented the electronic transition of the valence band of CdO/ZnO/Yb 2 O 3 NSs from lower to higher energy level. According to eqn (vii), the calculated band gap energy (E bg ) is 4.04 eV at the point of the highest absorption band of CdO/ZnO/ Yb 2 O 3 .
where, E bg ¼ band gap energy and l ¼ maximum absorbed wavelength.
Scheme 1 Schematic of the growth mechanism of CdO/ZnO/Yb 2 O 3 NSs by a facile hydrothermal process.
FTIR is a modern analysis tool, which can be used to determine the functional properties of an atom or molecule from the corresponding atomic and molecular vibrations. Therefore, the synthesized NSs of CdO/ZnO/Yb 2 O 3 were investigated by FTIR analysis. FTIR was performed in the region of 450-4000 cm À1 , as demonstrated in Fig. 1b . According to the FTIR spectrum, the observed major peaks could be detected at 3445, 1621, and 540 cm À1 , respectively. The peaks at 3445 and 1621 cm À1 are associated with the standard OH stretching and H 2 O bending modes correspondingly. The peak at 540 cm À1 peak is connected to the stretching of Cd-O or Zn-O. 26,27 X-ray powder diffraction (XRD) is one of the standard analytical techniques and is widely used for phase identication of a crystalline nanomaterial and it can also convey information about a unit cell's dimensions. For exploration of the structural properties and crystal phase of the synthesized CdO/ZnO/Yb 2 O 3 NSs, powder X-ray diffraction (XRD) was performed with Cu-K1 radiation (¼1.54178 A) in the range of 10-80 with a 2 min À1 scanning speed. The observed XRD pattern exhibited that the NSs were well crystalline in nature and had mixed phases of CdO, ZnO, and Yb 2 O 3 , as shown in Fig. 1c . The apparent diffraction reections of the ZnO indices as b were (100), (110), (103), (024), (112), and (200), which are similar to bulk ZnO and the hexagonal phase of ZnO. 28 The observed reports share great similarities with the standard JCPDS data card (JCPDS no. . The other several peaks of the CdO indices as q were (111), (200) and (220), which are well matched with the literature. 29 Besides this, some other sharp peaks of Yb 2 O 3 indices as m were also observed in the XRD diffraction pattern, which were indicated as (101), (110), (112), and (200) and completely agreed with the reported literature. 30, 31 Moreover, the sharpness of the peaks showed that the product NSs were well crystallized. The X-ray energydispersive spectroscopy (EDS) exploration of CdO/ZnO/Yb 2 O 3 NSs indicated the existence of Cd, Zn, Yb, and O arrangements in the pure calcined doped nanosheet materials, and clearly displayed that the calcined prepared materials are organized with only cadmium, zinc, ytterbium, and oxygen elements, which is illustrated in Fig. 2c and d . The composition of Cd, Zn, Yb, and O are 4.51%, 9.03%, 65.03%, and 21.43%, correspondingly. No other peaks connected with any impurity were apparent in the EDS, which supports that the CdO/ZnO/Yb 2 O 3 NSs products contain only Cd, Zn, Yb, and O.
Morphological and elemental analysis
XPS analysis
To the advance evidence for the conformation of components existing in the prepared sample CdO/ZnO/Yb 2 O 3 NSs, the quantitative spectroscopic technique XPS was implemented on the NSs. The chemical nature of the elements present and the kinetic energy, including the number of electrons existing in the sample during X-ray beam irradiation of, can be expected by the implication of XPS inspection. 33 The high resolution XPS spectra of O 1s, Cd 3p, Zn 2p, and Yb 4d are demonstrated in Fig. 3 . Regarding the main two identical peaks of Cd 3d orbit, there is no apparently change between these two peaks, with both peaks being an indication of the equal oxidation state of Cd. The binding energies of Cd 3d 5/2 and Cd 3d 3/2 are 406.08 eV and 414.08 eV, respectively, which are the characteristic values of Cd 2+ in CdO, as illustrated in Fig. 3c . The O 1s, in Fig. 3b , is broad and asymmetric, indicating the presence of multicomponent oxygen species. 34 In Fig. 3d peak of the Yb 4d spectrum in Fig. 3e is positioned NSs and GCE, a drop of Naon (5% ethanolic Naon solution) was added. The modied GCE was placed into an oven at low temperature for 2 h to make it smooth, dry, stable, and a uniform surface. Consequently, the fabricated CdO/ZnO/ Yb 2 O 3 NSs/Naon/GCE was tested as a working electrode in the construction of a chemical sensor to detect ethanol. During the sensing performance of ethanol, the applied current vs. potential (I-V) was assessed on a thin lm of CdO/ZnO/Yb 2 O 3 NSs/ Naon/GCE (working electrode), and it was found to increase remarkably due to the adsorption of aqueous ethanol on the fabricated working electrode. The holding period of the electrometer was set at 1.0 s. When the alcohol was exposed to the surface oxygen ions of the CdO/ZnO/Yb 2 O 3 NSs, it reacted with either O À or O 2À ions and was oxidized to carbon dioxide and water and released electrons, which essentially increased the conductivity of the buffer medium. Additionally, it is known that the sensing capacity is related to the grain size of the nanomaterials of CdO/ZnO/Yb 2 O 3 . Since the proposed ethanol sensor exhibited a relatively higher sensitivity, it could be predicted that the produced NSs had a small grain size, high specic surface area, and high surface atomic activity. Therefore, the ethanol sensor based on CdO/ZnO/Yb 2 O 3 NSs demonstrated a greater response to ethanol and higher sensitivity than the other tested composites. 38 The fabricated-surface of the CdO/ZnO/Yb 2 O 3 NSs sensor was prepared with conducting binders on the GCE surface, as presented in Scheme 2a. The theoretical I-V signals of the chemical sensor with the doped thin lm were estimated as a function of current vs. potential for ethanol and are presented in Scheme 2b. The electrical responses to the target ethanol were investigated by a simple and reliable I-V technique using the CdO/ZnO/Yb 2 O 3 NSsfabricated GCE lm, which is presented in Scheme 2c. A considerable amplication in the current response with the applied potential was perceptibly conrmed. The simple, reliable, possible reaction mechanism is generalized in Scheme 2 in the presence of ethanol on the CdO/ZnO/Yb 2 O 3 NSs surfaces by the I-V method. The ethanol is converted to water and carbon dioxide in the presence of the doped semiconductor nanomaterials by releasing electrons (6e À ) to the reaction system from the conduction band (C.B.) of the prepared NSs, which improved and enhanced the current responses against the potential during the I-V measurement at room temperature.
The modied GCE was not equally active in all buffer media. Therefore, it was investigated in various buffer systems (pH of 5.7, 6.5, 7.0, 7.5, and 8.0) and it was found that at pH 7.0, the fabricated working electrode had the maximum responsive, as illustrated in Fig. 4a . I-V measurements using the Keithley electrometer were carried out at the applied potential range of 0 to +1.5 V. Various toxins, such as 2-nitrophenol, 3-methoxyphenol, 4-aminophenol, 4-methoxyphenol, bisphenol A, methanol, ethanol, ammonium hydroxide, 1,2-dichlorobenzene, and p-nitrophenol were applied to study the selectivity of the sensor. Based on the selectivity study, ethanol exhibited the maximum current response toward the CdO/ZnO/Yb 2 O 3 NSs/ GCE electrode, as presented in Fig. 4b , where the applied potential range of the I-V measurement was 0 to +1.0 V. Additional selectivity was also studied in the presence of common alcohols, such as ethanol, methanol, butanol, and propanol, and the results are presented in the ESI ( Fig. S1; J) , † the reproducibility study of the fabricated GCE based on CdO/ZnO/ Yb 2 O 3 NSs was performed at 0.1 mM concentration of ethanol solution in the desire buffer medium, as presented in Fig. 4c . Intra-day and inter-day repeatability were tested and included in the ESI (Fig. S2; U and S3; h) . † Outstanding reproducible responses were obtained under similar conditions and it was found that the I-V responses did not change aer washing the fabricated electrode in each trial. The calculated standard deviation of reproducibility (RSD) was 2.27% at a potential +0.5 V. The response time is another tool for the measurement of efficiency of the fabricated CdO/ZnO/Yb 2 O 3 NSs/GCE, whereby the test was executed in 0.1 mM ethanol solution and the observed response time was 9.2 s, as illustrated in Fig. 4d .
During this performance, the sensing current was measured with respect to time and it was observed that aer 9.2 s, the sensing current was almost steady. The variation in the sensing current response on the modied GCE with the CdO/ZnO/Yb 2 O 3 NSs is a function of the concentration of ethanol. Therefore, the I-V responses of the modied CdO/ZnO/Yb 2 O 3 NSs/GCE sensor were examined with different concentrations of ethanol and it was found they were amplied with the increasing concentration of the electrolyte (ethanol) in the buffer medium.
To compute the performance of the ethanol chemical sensor, the linearity (r 2 : 0.9845) of the calibration plot was found at +1.0 V over the concentration range of 0.35 nM to 3.5 mM from the lower-higher concentration of ethanol solution, as shown in Fig. 5a . The sensitivity (7.4367 mA mM À1 cm À2 ) of the fabricated electrode was calculated from the ratio of the curve (current versus concentration ratio). The linear dynamic ranges (LDR: 0.35 nM to 3.5 mM) and detection limit (LoD: 0.127 AE 0.006 nM & LoQ: 0.423 nM) were calculated from calibration curve at a signal-to-noise ratio of 3.
In the two-electrode system (working and counter electrode), the I-V characteristic of the CdO/ZnO/Yb 2 O 3 NSs/GCE was activated as a function of ethanol concentration in the desired buffer system, where an enhanced current response could be perceived. As observed, the response of the current increased with the increasing concentration of ethanol, and conversely an analogous phenomenon for toxic chemical detection has also been reported earlier.
39-42 At a very low concentration of ethanol in the measuring buffer medium, there is a smaller surface coverage of ethanol molecules on the CdO/ZnO/Yb 2 O 3 NSs/GCE lm. With enrichment of the ethanol concentration, the surface reaction is gradually increased (which gradually increases the response as well) owing to a larger surface area contacted with the ethanol molecules. Again, with a greater increase in ethanol concentration on the CdO/ZnO/Yb 2 O 3 NSs/GCE surface, a more rapid increase in the current response was shown, due to the larger surface covered by ethanol. Then, with an additional enrichment of ethanol concentration, the surface coverage of ethanol molecules on CdO/ZnO/Yb 2 O 3 NSs/GCE surface reaches saturation. Therefore, it can be summarized that the proposed ethanol chemical sensor based on the CdO/ZnO/Yb 2 O 3 NSs/GCE assembly could be engaged for the successive detection and quantication of the targeted toxin (ethanol). As we observed, the proposed ethanol sensor showed a very short response time at around 10 s, where it should be mentioned that the 10 s is needed by the desire ethanol chemical sensor based on ZnO/ SnO 2 /Yb 2 O 3 NPs/GCE to reach steady state saturation. The higher sensitivity of the modied CdO/ZnO/Yb 2 O 3 NSs/GCE assembly can be accredited to the outstanding absorption ability and high catalytic-decomposition activity. 1, 38, [43] [44] [45] The projected sensitivity of the CdO/ZnO/Yb 2 O 3 NSs/GCE sensor is comparatively higher and the detection limit is reasonably lower than earlier reported ethanol sensors based on other nanomaterials-modied electrodes according to I-V systems.
The high sensitivity of the CdO/ZnO/Yb 2 O 3 NSs/GCE delivers high electron communication features, which includes enhanced direct electron transfer between the active sites of CdO/ZnO/Yb 2 O 3 NSs/GCE and the analyte (ethanol). The CdO/ ZnO/Yb 2 O 3 NSs/GCE system was thus demonstrated as a simple and reliable route for the detection of ethanol using GCEelectrodes. It also revealed signicant access to a large group of chemicals for a wide range of environmental applications in environmental and health-care elds, respectively. The sensing performance of the earlier testied metal oxides-based ethanol sensors are summarized in Table 1 in terms of sensitivity, detection limit (LoD), and linear dynamic range (LDR).
1,45-51 It should be noted that the proposed ethanol sensor based on CdO/ZnO/Yb 2 O 3 NSs exhibited better sensing performance, particularly in terms of sensitivity, LoD and LDR.
In general, at room temperature, the resistance value of the doped sensors decrease with the increasing working potential due to the fundamental characteristics of the semiconductordoped nanomaterials. 52 Actually, oxygen adsorption demonstrates an important responsibility in the electrical properties of the CdO/ZnO/Yb 2 O 3 with nanosheets structures. Oxygen ion adsorption removes the conduction of electrons and increases the resistance of the CdO/ZnO/Yb 2 O 3 NSs. Oxygen species such as O 2 À and O À are adsorbed on the doped material surface at calcination temperature, where the quantity of such chemisorbed oxygen species depend on the structural properties. At room conditions, O 2 À is chemisorbed, while in a nanosheets These reactions are attained in a bulk-system or air/liquid interface or adjacent atmosphere owing to the small carrier concentration, which improves the resistance. The ethanol sensitivity toward CdO/ZnO/Yb 2 O 3 NSs (e.g., MO x ) could be attributed to the high oxygen deciency and imperfection density effects to increasing the oxygen adsorption. The larger the quantity of oxygen adsorbed on the sensor surface, the larger would be the oxidizing potential and the faster would be the oxidation of ethanol. The reactivity of ethanol was very high as compared to that of other chemical towards the surface under similar condition. [54] [55] [56] When ethanol reacts with the adsorbed oxygen on the exterior/interior of the layer, it oxidized to carbon dioxide and water, releasing free electrons (6e À ) in the conduction band, which could be expressed through the following reaction (x):
In the reaction medium, these reactions referred to oxidation of the reducing carriers. These methods improved the carrier concentration and consequently decreased the resistance on contact to the reducing liquids/analytes. Under room conditions, the exposure of a metal oxide surface to reducing liquid/analytes results in a surface-mediated incineration procedure. The abolition of ionosorbed oxygen amplies the electron concentration and hence the surface conductance of the lm. 57 The reducing analyte (ethanol) provides electrons to the CdO/ZnO/Yb 2 O 3 NSs surface. Consequently, resistance is reduced, and hence the conductance is increased. This is the reason why the analyte response (current) is amplied with the escalating potential. Thus, the produced electrons contribute to a rapid increase in conductance of the thick lm. The CdO/ZnO/ Yb 2 O 3 NSs unusual regions dispersed on the surface progress the capability of the material to absorb more oxygen species, giving high resistance in ambient air, as presented in Scheme 3.
The high ethanol response of the CdO/ZnO/Yb 2 O 3 NSs was investigated in more detail relative to the probable chemicalsensing mechanism. It is a p-type semiconductor nanomaterial. The oxide surface of a p-type semiconductor is readily covered with chemisorbed oxygen.
58 Therefore, at the sensing condition, the adsorption of negatively charged oxygen can generate the holes for conduction. The subsequent ethanol-sensing reactions might be considered according to the charges of the adsorbed oxygen species under the statement of full oxidation of C 2 H 5 OH according to the following eqn (xi) and (xii):
That is, the oxidation reaction with reducing ethanol amplies the resistivity of the surface regions of the p-type CdO/ ZnO/Yb 2 O 3 NSs, which in turn enhances the sensor resistance. The resistive contacts among the nanomaterials control the chemi-sensor resistance. Accordingly, the ethanol response is signicantly dependent upon the dimensions of the nanokernels, the large active surface area, and the nanoporosity. According to the charge accumulation reproduction of p-type semiconductors, the conduction occurs along the conductive as well as active sensor surface. [59] [60] [61] The conductivity of ZnO thin lms doped with CdO/Yb 2 O 3 is very sensitive to the exposure of the surface to various chemicals and hence it can be used as a toxic chemical sensor capable of detecting the toxicity of contaminants, due to the high sensitivity to selective chemicals present in the sensing layer.
62 Recent experiments revealed the existence of a surface electron accumulation layer in vacuum annealed single crystals, which disappears upon exposure to ambient air. 63 This layer may play a role in sensor action as well. The presence of this conducting surface channel has been suggested to be related to some puzzling type-conversion effects observed when attempting to obtain p-type co-doped CdO/ Yb 2 O 3 with ZnO. 64, 65 Note that most of the growth techniques produce CdO/Yb 2 O 3 -doped ZnO that is highly p-type. This high level of p-type conductivity is very useful for chemical-sensing applications as an electro-catalyst, such as with transparent conductors, but in general, it would be desirable to have better control over the conductivity. In particular, the ability to reduce the p-type background and to achieve p-type doping would open up tremendous possibilities for semiconductor device applications, especially related to the compensation of the predominant acceptor or donor dopants, i.e., donor defects are easier to form in p-type materials, whereas acceptor defects are easier to form in n-type materials, always counteracting the prevailing conductivity. Native defects have long been believed to play an even more important role in ZnO, which frequently exhibits high levels of unintentional p-type conductivity. Oxygen vacancies and zinc interstitials have oen been invoked as sources of p-type conductivity in CdO/ZnO/Yb 2 O 3 .
66,67 However, most of these arguments are based on indirect evidence, e.g., that the electrical conductivity increases as the oxygen partial pressure decreases. In our view, these statements about the role of native point defects as sources of conductivity are only hypotheses that are not supported by experimental observations. In fact, they are in contradiction with several careful experiments, as well as with accurate density-functional calculations. In the following, we discuss the theory of point defects in ZnO, with an emphasis on the results of density-functional calculations, and relate these to experimental observations whenever possible. 68 
Real sample analysis
To establish validation, the fabricated sensors based on CdO/ ZnO/Yb 2 O 3 NSs coated onto GCE were applied to detect ethanol in real samples with various concentrations of ethanol. We used these to measure ethanol in industrial effluent, plastic baby bottle, plastic water bottle, and PVC food packaging bag. The results showed us that ethanol detection is possible in environmental samples, as shown in Table 2 .
Conclusions
In this study, NSs of CdO/ZnO/Yb 2 O 3 were prepared by implementation of a facile hydrothermal method in alkaline medium. Then, the calcined NSs were characterized by the investigation via XRD, XPS, FTIR, SEM, and EDS analyses. A thin layer of CdO/ZnO/Yb 2 O 3 NSs was deposited onto a GCE with conducting binder to result in a working electrode of an ethanol sensor. The invented ethanol sensor based on CdO/ZnO/Yb 2 O 3 NSs/Naon/GCE acted as an efficient electron mediator for the detection of ethanol using the I-V method. The key electrochemical features of the fabricated ethanol sensor were its excellent detection limit, linear dynamic range, sensitivity, repeatability, robustness, stability, and response time. The CdO/ZnO/Yb 2 O 3 NSs/Naon/GCE assembly exhibited a higher sensitivity (7.4367 mA mM À1 cm À2 ), and lower detection limit (0.127 AE 0.006 nM) and limit of quantication (0.423 AE 0.02 nM) compared to previously reported chemical sensors. As exposed from the interference studies, the fabricated sensor provided high selectivity toward the detection of ethanol in the presence of other chemicals. This original attempt resulted in a wellorganized reliable technique for the development of a pro-cient chemical sensor for application with environmental hazardous chemicals and in the biomedical health-care eld. 
